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(54) Refrigerant tuk>es for heat exchangers 

(57) A refrigerant tube (T1) for use in heat exchang- 
ers comprises a flat aluminum tube (5) having parallel 
refrigerant passages (4) in its interior and comprising 
flat upper and lower walls (1.2) and a plurality of rein- 
forcing walls (3) connected between the upper and 
lower walls (1 .2). extending longitudinally of the tut>e (5) 
and spaced apart from one another by a predetermined 
distance. The reinforcing walls (3) are each formed with 
communication holes (6) for causing the parallel refrig- 
erant passages (4) to communicate with one anther 
therethrough. The flat aluminum tube (5) is prepared 




from upper and lower two aluminum sheets by bending 
opposite side edges of tiie lowver aluminum sheet to a 
raised form and joining the bent edges to the respective 
side edges of the ppper aluminum sheet which is flat so 
as to form a hollow portion. The reinforcing walls (3) are 
formed by joining to the Inner surface of the upper wall 
ridges projecting inward from the lower wall. The com- 
munication holes (4) are formed by cutouts formed in 
the edges of the ridges at a predetermined spacing and 
having their openings closed witii the upper wall. 



^ ,^ , FIG.3 
6a(6b) 
' ^3a(3b) 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to tubes for passing a 
refrigerant therethrough, i.e.. refrigerant tubes, for heat 
exchangers, and more particularly to refrigerant tubes 
for condensers for use in car coolers. 

The term "aluminum** as used herein and in the 
claims includes pure aluminum and aluminum alloys. 

Examined Japanese Patent Publication Na 
45300/91 discloses a condenser for use in car coolers 
which comprises a pair of headers arranged at right and 
left in parallel and spaced apart from each other, paral- 
lel flat refrigerant tubes each joined at its opposite ends 
to the two headers, corrugated fins arranged in an air 
flow clearance between adjacent refrigerant tubes and 
brazed to the adjacent refrigerant tubes, an inlet pipe 
connected to the upper end of the left header, an outlet 
pipe connected to the lower end of the right header, a 
left partition provided inside the left header and posi- 
tioned above the nrudportion thereof, and a right parti- 
tion provided inside the right header and positioned 
below the midportion thereof, the numt>er of refrigerant 
tubes between the inlet pipe and the left partition, the 
number of refrigerant tabes between the left partition 
and the right partition and the number of refrigerant 
tubes between the right partition and the outlet pipe 
decreasing from above downward. A refrigerant flowing 
into the inlet pipe in a vapor phase flows zigzag through 
the condenser before flowing out from the outlet pipe in 
a liquid phase. Condensers of the construction 
described are called parallel flow or multif low condens- 
ers, realize higher efficiencies, lower pressure losses 
and superconpactness and are in wide use recently in 
place of conventional serpentine condensers. 

It is required that the flat refrigerant tube for use in 
the condenser have pressure resistance since the 
refrigerant is introduced thereinto in the form of a gas of 
high pressure. To meet this requirement and to achieve 
a high heat exchange efficiency, the refrigerant tuk>e is 
made of a hollow aluminum extrudate which comprises 
flat upper and lower walls, and a reinforcing wall con- 
nected between the upper and lower walls and extend- 
ing longitudinally To improve the heat exchange 
efficiency and to compact the condenser, it is desired 
that the flat refrigerant tube have a small wall thickness 
and the lowest possible height. In the case of extru- 
dates, however, the extrusion technique improses limi- 
tations on the reduction in the height of the tube and in 
the wall thickness. 

The reinforcing wall in the refrigerant tube forms 
independent parallel refrigerant passages in the interior 
of the tube. Air flows orthogonal to the parallel refriger- 
ant passages, so that the heat exchange efficiency is 
consequently higher at the air inlet side than at the air 
outlet side. Accordingly, gaseous refrigerant is rapidly 
condensed to a liquid in the refrigerant passage at the 



upstream side, whereas the refrigerant still remains 
gaseous in the refrigerant passage at the downstream 
side. When the entire structure of refrigerant tube is 
considered, the refrigerant therefore flows unevenly, f^l- 

5 ing to achieve a high heat exchange efficiency. 

To overcome this prok)lem. Unexamined Japanese 
Patent Publication No. 98898/89 discloses a flat refrig- 
erant tube provkjed by an electric resistance welded 
tLft>e. The disclosed refrigerant tube is intemalty divided 

10 into a plurality of refrigerant passages and has louvered 
wavelike inner fins inserted in and brazed to the tut>e for 
causing the refrigerant to flow between acQacent pas- 
sages. Unexamined Japanese Patent Piikslication No. 
136093^2 discloses an electric resistance welded flat 

IS refrigerant tube which is formed on its upper and lower 
walls with inwardly projecting reinforcing portions butt- 
ing against each other end-to-end and shaped to a 
fblded-in-two fbrm. the reinforcing portions being 
arranged discretely in parallel longitudinally of the tub& 

20 However, the former flat refrigerant tuk>e is low in 
productivity since the wavelike inner fins need to be indi- 
vidually inserted into the tube. With the latter flat refrig- 
erant tube in which the inwardly projecting reinforcing 
portions are formed by press work or rolling, the rein- 

25 forcing portions have a V-shaped open cross section 
and are therefore insufficient in strength. Although the 
inwardly projecting reinforcing portions may b& farmed 
by rolling, this method inevitably leaves streaklike 
grooves in the upper and lower walls of the tube, so that 

30 when the tube is joined to the headers in communica- 
tion therewith by brazing, the brazing agent is likely to 
flow out along the groove from the joint portion to be 
formed to produce a defective joint. Further provision of 
disaete reinforcing portions in the foMed fbrm on a flat 

35 sheet is likely to involve variations in dimensions to fbrm 
refrigerant passages which are not uniform in size. 
Additionally since the material sheet remains 
unchanged in thickness when roll forming is resorted to, 
ft is disadvantageous from the viewpont of the material 

40 to form the reinforcing portions by folding in two. while 
difficulty is encountered in forming many refrigerant 
passages of reduced width. 

The main object of the present invention is to pro- 
vide a refrigerant tube for use in heat exchangers which 

45 achieves a high heat exchange efficiency, is sufficient in 
pressure resistance and can be produced efficiently. 

SUMMARY OF THE INVENTION 

50 To fulfill the above object, the present invention pro- 
vides a refrigerant tube for use in heat exchangers 
v/hich comprises a flat aluminum tube having parallel 
refrigerant passages in its interior and comprising flat 
upper and lower walls and a plurality of reinforcing walls 

55 connected between the upper and lower walls, the rein- 
forcing walls extending longitudinally of the tube and 
spaced apart from one another by a predetermined dis- 
tance, the flat aluminum tube being formed by an alumi- 
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num sheet each of the reinforcing walls conprteing a 
ridge projecting from the aluminum sheet integrally 
therewith. 

The reinforcing walls are each formed with a plural- 
ity of communication hcdes for causing the parallel s 
refrigerant passages to communicate with one another 
therethrough. The refrigerant to be passed through the 
parallel refrigerant passages flows through the commu- 
nication holes widthwise of the refrigerant tube to 
spread to every portion of all the refrigerant passages, 
whereby portions of the referigerant become mixed 
together. Accordingly, no tenperature difference occurs 
in the refrigerant between the refrigerant passages, with 
the result that the refrigerant undergoes condensation 
simitarty at the upstream side and the downstream side 
with respect to the direction of passage of air to flow uni- 
formly and achieve an improved heat exchange effi- 
ciency. 

The flat aluminum tube is formed by an aluminum 
sheet and the reinforcing walls each comprise a ridge 
projecting from and integral with the aluminum sheet, so 
that cutouts for providing the communication holes can 
be formed in the ridge. Consequently, the refrigerant 
tuk^ is available with much higher productivity than the 
refrigerant tube which comprises the combination of an 
electric resistance welded tube and louvered inner fins. 
The present tube can be made smaller in its wall thick- 
ness and in the height of the tube than refrigerant tubes 
made of aluminum extrudate. This makes it possible to 
provide heat exchangers of improved performance and 
reduced weight. 

Furthermore, a brazing sheet is usable as the alu- 
minum sheet for forming the flat aluminum tube. This 
eliminates the need to use brazing sheets for the lour- 
vered corrugated fins to be interposed between adja- 
cent flat refrigerant tubes. Stated more specifically, if the 
brazing sheet is used for the louvered corrugated fins, 
there arises the problem that the cutter will wear when 
making the fins since the brazing layer of the brazing 
sheet is harder than the core layer thereof, whereas this 
program can be overcome. 

Preferably, the height of the tube is in the range of 
0.8 to 3.5 mm, more preferably in the range of 1 .4 to 2.3 
mm. If the tube height is less than 0.8 mm, the refriger- 
ant passages are lower to result in a pressure loss of 
the refrigerant whereas if it is more than 3.5 mm. not 
only difficulty is encountered in fabricating a compacted 
heat exchanger but the tube also offers increased 
resistance to the passage of air to entail a lower heat 
exchange efficiency. 

The pitch of reinforcing walls in the widthwise direc- 
tion of the tube is preferat>ly in the range of 0.5 to 5.0 
mm. more preferably in the range of 1.0 to 2.5 mm. 
When the wall pitch is less than 0.5 mm. the refrigerant 
passages become narrower fo produce a refrigerant 
pressure loss, whereas if it exceeds 5.0 mm. an 
impaired heat exchange efficiency will result. 

For the same reason as is the case with the tube 



height, the height of reinforcing walls is preferably in the 
range of 0.5 to 2.5 mm. more preferably in the range of 
0.8 to 1.5 mm. 

The cross sectional area of communication holes is 
preferably in the range of 0.07 to 5.0 mm^. more prefer- 
at)ly in the range of 0.2 to 1.25 mm^. When the cross 
sectional area of the holes is less than 0.07 mm^. the 
refrigerant will not flow through the holes sa ti sf a c to rily, 
while the brazing agerrt i.e., filler metal, melted for braz- 
ing is likely to dose the hola If the €U'ea is in excess of 
5.0 mm?, the refrigerant tube will be reduced in pres- 
sure resistance. 

The pitch of communication holes is preferably in 
the range of 4.0 to 100 mm. more preferably in the 
range of 10 to 50 mm. If the hole pitch is less than 4.0 
mm, the refrigerant tube exhibits lower pressure resist- 
ance, whereas if it is over 100 mm, the refrigerant fails 
to satisfactorily flow through the holes. 

The present invention will be described in greater 
detail with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view showing how to pro- 
duce a flat refrigerant tube as Erhbodiment 1 of the 
invention by rolling an aluminum sheet; 
FIG. 2 is a cross sectional view showing how to 
form cutouts in the upper edges of ridges of a por- 
tion of the aluminum sheet shown in FIG. 1 which 
portion resembles comb teeth in cross section; 
FIG. 3 is a view in section taken along the line 3-3 
in FIG. 2; 

FIG. 4 is a plan view of the aluminum sheet of FIG. 
2; 

FIG. 5 is a cross sectional view of the flat refrigerant 
tube of Embodiment 1 of the invention; 
FIG. 6 is a view in section taken along the line 6-6 
in FIG. 5; 

FIG. 7 is a view in longitudinal section showing how 
to form ridges and cutouts by a single step; 
FIG. 8 is a cross sectional view showing how to pro- 
duce a flat refrigerant tube as Emtxxliment 2 of the 
invention by rolling an aluminum sheet; 
FIG. 9 is a cross sectional view of the flat refrigerant 
tube of EndDOdiment 2 of the invention; 
FIG. 10 is a view in section taken along the line 10- 
10 in FIG. 9; 

FIG. 11 is a cross sectional view showing how to 
produce a flat refrigerant tube as Embodiment 3 of 
the inventfon by rolling an aluminum sheet; . 
FIG. 12 is a cross sectional view of the flat refriger- 
ant tube of Embodiment 3 of the invention; 
FIG. 13 is a cross sectional view of another flat 
refrigerant tube, i.e., Embodiment 4 of the inven- 
tion; 

FIG. 14 is a cross sectional view of another flat 
refrigerant tUbe. i.e.. Enrtedimerrt 5 of the inven- 
tion; 
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FIG. 15 is a cross sectional view of another flat 
refrigerant tube. i.e.. Embodiment 6 of the Inven- 
tion; and 

FIQ. 16 is a plan view showing a condenser com- 
prising flat refrigerant tubes. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG. 16 shows a condenser comprising flat refriger- 
ant tuk>es embodying the invention. The condenser 
comprises a pair of headers 41 , 42 arranged at right 
and left in parallel and spaced apart from each other, 
parallel flat refrigerant tubes 43 each joined at its oppo- 
site ends to the two headers 41 . 42, corrugated fins 44 
arranged in an air flow clearance between adjacent 
refrigerant tubes 43 and brazed to the adjacent refriger- 
ant tubes 43, an inlet pipe 45 connected to the upper 
end of the left header 41 , an outlet pipe 46 connected to 
the lower end of the right header 42. a left partition 47 
provided inside the left header 41 aruj positioned above 
the midportion thereof, and a right partition 48 provided 
irside the right header 42 and positioned below the mid- 
portion thereof, the number of refrigerant tubes 43 
between the inlet pipe 45 and the left partition 47. the 
number of refrigerant tubes 43 between the left partition 
47 and the right partition 48 and the number of refriger- 
ant tubes 43 between the right partition 48 and the out- 
let pipe 46 decreasing from above downward. A 
refrigerant flowing into the inlet ^pe 45 in a gas phase 
flows zigzag through the condenser before flowing out 
from the outlet pipe 46 in a liquid phase. 

The refrigerant tubes 43 in the above condenser 
are concerned with the present invention. Emtxxiiments 
of the invention will be described below with reference 
to the acconpanying drawings. 

Efpt?odiment 1 

This embodiment is shown in FIGS. 5 and 6. A 
refrigerant tUbe T1 for heat exchangers is formed by a 
flat aluminum tube 5 having parallel refrigerant pas- 
sages 4 in its interior arxJ comprising flat upper and 
lower walls 1 . 2 and a plurality of reinforcing walls 3 con- 
nected between the upper and lower walls 1 , 2. extend- 
ing longitudinally of the tube and spaced apart from one 
enother by a predetermined distance. The reinforcing 
walls 3 are each formed with a plurality of communica- 
tion holes 6 for causing the parallel refrigerant passages 
4 to communicate with one enother. 

The flat aluminum tube 5 is prepared from an alumi- 
num sheet in the form of a brazing sheet having a filler 
metal layer on each side thereof, by folding the sheet at 
the midportion of its width like a hairpin so as to form a 
hollow portion, bending opposite side edges to an arcu- 
ate form and joining the side edges together in kxjtting 
contact with each other. 

The butt joint 7 thus formed is oblique in cross sec- 



tion so as to give an increased area of joint. 

Each of the reinforcing walls 3 is formed t>y joining 
a downward ridge 3a inwardly projecting from the upper 
wall 1 arxJ formed by rolling to an upward ridge 3b 
5 inwardly projecting from the lower wall 2 and formed by 
rolling. Each of the communication holes 6 is formed by 
the combination of a pair of cutouts 6a. 6b. Such cutouts 
6a. 6b are formed respectively in the lower edge of the 
downward ridge 3a and the upper edge of the upward 
10 ridge 3b at a predetermined spacing. 

The communication holes 6 formed in the plurality 
of reinforcing walls 3 are in a staggered arrangement 
when seen from above. 

The flat aluminum tube 5 is 1 .70 mm in height 1 45 
15 mm in the pitch of reinforcing walls 3. 1.0 mm in the 
height of reinforcing walls 3. 0.40 mm in the thickness of 
reinforcing walls 3. 0.6 mm^ in the cross sectional area 
of communication holes 6. 40 mm in the pitch of holes 6. 
18 mm in width and 0.35 mm in the thickness of upper 
20 and lower walls 1 . 2. 

The refrigerant tube T1 is produced by the following 
method. 

With reference to FIG. 1 . the tube T1 is prepared 
from an aluminum sheet blank in the form of a brazing 

25 sheet having a thickness greater than the wall thickness 
of the tube to be produced, i.e., 0.8 mm. by rolling the 
t)lank with a pair of upper and lower rolls 8, 9, the upper 
roll 8 having paralld annular grooves 16 symmetrically 
on opposite sides of the middle C of its length. The roll- 

30 ing operation reduces the thickness of the tHank to the 
specified tube wall thickness with the peripheral sur- 
faces of the rolls 8. 9 to form a flat portion, forms ridges 
3a. 3b as projected from the flat portion with the annular 
grooves 16 and also t^nds opposite sides edges 

3s toward the direction of projection of the ridges, whereby 
a rolled aluminum sheet 15 is obtained. The sheet 15 
has a flat portion 10 in the middle of its width, portions 
11,12 provided on opposite sides of the flat portion 10 
and resembling comb teeth in cross section, and arcu- 

40 ate raised portions 13, 14 at the respective side edges. 
As shown in FIGS. 2 and 3. the rolled aluminum 
sheet 15 is passed between a pair of upper and lower 
rolls 17, 18, the upper roll 17 having protrusions 19 
approximately semicircular in cross section and 

45 an-anged at a predetermined spacing at the position 
coinciding with each of the parallel annular grooves 16 
in the upper roll 8 used in the preceding step. This roll- 
ing operation forms approximately semicircular cutouts 
6a. 6b in the upper edges of the respective ridges 3a, 3b 

so at the predetermined spacing. 

As seen in FIG. 4, the protrusions 19, which are 
provided in a large number, are in a staggered arrange- . 
ment so Vt\aX the cutouts 6a. 6b are formed in the paral- 
lel ridges 3a, 3b in a staggered arrangement when seen 

55 from above. Each of the protrusion 1 9 is formed therea- 
round with a recess which is V-shaped in cross section 
so that tiie cutout 6a or 6b is surrounded by a peripheral 
edge projecting inward and having an inverted V- 
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shaped cross section. The recess, which is V-shaped, 
may alternatively be arcuate in cross section. 

Finally, the aluminum sheet 15 having the cutouts 
6a, 6b in the respective ridges 3a, 3b is folded at the 
middle of its width like a hairpin, and the side edges are s 
butted against and joined to each other, whereby a flat 
aluminum tube 5 is formed as shown in FIG. 5. With this 
tube 5. the downward ridges 3a are joined to the 
respective upward ridges 3b to form reinforcing waits 3. 
with the cutouts 6a in the ridges 3a combined with the io 
corresponding cutouts 6b in the ridges 3b to form ellipti- 
cal communication holes 6 for causing the parallel 
refrigerant passages 4 to communicate with one 
another therethrough. The portions concerned are 
joined together by brazing. Since the communication is 
hole 6 is surrounded by inwaidly projecting peripheral 
edge which is inverted V-shaped in cross section and 
spreads from inside outward at opposite sides, the 
refrigerant smoothly flows therethrough into or out of the 
refrigerant passage 4 on either side thereof. so 

With the above emtxxjiment. the ridges 3a, 3b hav- 
ing the cutouts 6a. 6b are formed by two steps, whereas 
these ridges 3a, 3b with the cutouts 6a, 6b can be 
formed by a single step by using in combination with the 
lower roll 9 of the first step an upper roll 20 which is 25 
formed in each of parallel annular grooves 16 with pro- 
trusions 19 arranged at a predetermined spacing and 
having a height smaller than the depth of the groove as 
shown in FIG. 7. 

The upper rolling roll peripheral surface may be 30 
formed with indentations and projections which are tri- 
angular wavelike in cross section, or knurled (not 
shown). The aluminum tube 5 obtained then has projec- 
tions and indentations extending longitudinally thereof 
over the inner surface or an inner surface having lattice- ss 
like projections or indentations. This gives an increased 
surface area to the walls defining the refrigerant pas- 
sages. 



method. 

As shown in FIG. 8. the tube T2 is prepared from 
the same aluminum sheet tslank as used for Emt)odi- 
ment 1 tiy rolling the t>lank with a pair of upper and lower 
rolls 23, 9, the upper roD 23 having parallel annular 
grooves 28 on opposite sides of the middle C of its 
length. The rolling operation reduces the thickness of 
the blank to the specified tube wall thickness with the 
peripheral surfaces of the rolls 23. 9 to form a flat por- 
tion, forms ridges 21a. 21b as projected from the flat 
portion integrally therewith with the annular grooves 28 
and also bends opposite side edges toward the direc- 
tion of projection of the ridges, whereby a rolled alumi- 
ruim sheet 27 is otstained. The sheet 27 has a flat 
portion 24 in tiie middle of its width, portions 25. 26 pro- 
vided respectively on the left and right sides of the flat 
portion 24 and resemt^ling comb teeth in cross section, 
and arcuate raised portions 13. 14 at the respective side 
edges. The ridges 21b of the left comblike portion 25 
are provided in an even number, while flie ridges 21a of 
the right oomt)like portion 26 are provided in an odd 
number smaller than the even number by one. 

Next, cutouts are formed in the ridges 21a, 21b in 
the same manner as in making Emkxxliment 1 . 

Rnally, the aluminum sheet 27 having the cutouts in 
the ridges 21a. 21b is folded at the middle of its width 
like a hairpin, and the side edges are butted against and 
joined to each other, whereby a flat aluminum tube 5 is 
formed as shown in FIG. 9. The ridges 21a of the upper 
wall 1 are joined to flat portions of the lower wall 2. and 
the ridges 21b of the lower wall 2 to flat portions of the 
upper wall 1 alternately to form reinforcing walls 21 . The 
open portions of the cutouts in the rkJges 21a. 21b Eire 
closed with flat wall portions to form communication 
holes 22 for causing parallel refrigerant passages 4 to 
communicate with one another. 



Emtxxjiment 2 40 

Tills embodiment is shown in FIGS. 9 and 10. A 
refrigerant tube T2 for use in heat exchangers has two 
kinds of reinforcing walls 21. The walls 21 of one kind 
are each formed by a downward ridge 21a inwardly pro- 4s 
jecting from an upper wall 1 and joined to a flat inner 
surface portion of a lower wall 2. The walls 21 of the 
other kind are each formed by an upward ridge 21b 
inwardly projecting from the lower wall 2 and joined to a 
flat inner surface portion of the upper wall 1. The two so 
kinds of walls 21 are anrEuiged alternately. Communica- 
tion holes 22 are formed by cutouts provided in the 
lower edge of the downward ridge 21a and in the upper 
edge of the upward ridge 21b and have their open por- 
tions closed by one of tiie upper and lower walls 1.2. ss 
With the exception of this feature, the present emkxxii- 
ment is the same as Embodiment 1 . 

The refrigerant tube T2 is produced by the following 



FIG. 12 shows this emtxxJiment. i.e.. a refrigerant 
tube T3 for use in heat exchangers. The tube has rein- 
forcing walls 29 which are formed by ridges 29a 
inwardly projecting from an upper wall 1 and joined to a 
flat inner surface of a lower wall 2. Communication 
holes 30 are formed by providing cutout portions in the 
edges of the ridges 29a at a predetermined spacing and 
closing the openings of the cutouts with the lower wall 2. 
Except for this feature, the present embodiment is tiie 
same as Emkxxliment 1 . 

The refrigerant tube T3 is produced t>y the following 
method. 

As shown in FIG. 1 1 , the tiibe T3 is prepared from 
the same aluminum sheet blank as used for Embodi- 
ment 1 by rolling the blank witii a pair of upper and lower 
rolls 31. 9, the upper roll 31 having parallel annular 
grooves 28 symmetrically on opposite sides of the mid- 
dle C of its lengtti. The rolling operation reduces the 
thickness of the blank to the specified tube wall thick- 
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ness with the peripheral surfaces of the rolls 31 . 9 to 
form a fbt portion, forms ridges 29a as projected from . 
the flat portion integrally therewith with the annular 
grooves 28 and also bends opposite side edges toward 
the direction of projection of the ridges, whereby a rolled 
aluminum sheet 34 is obtained. The sheet 34 has a flat 
portion 32 on the left side of the middle of its width, a 
portion 33 provided on the left side thereof and resem- 
bling comb teeth in cross section, arxJ arcuate raised 
portions 13. 14 at ttie respective side edges. 

Next, cutouts are formed in the upper edges of the 
ridges 29a In the same manner as in Embodiment 1 . 

Finally, the aluminum sheet 34 having the cutouts In 
the ridges 29a is folded at the middle of its width tike a 
hairpin, and the sde edges are butted against and 
joined to each other, whereby a flat aluminum tube 5 is 
formed. The ridges 29a on one of the upper and lower 
walls 1, 2 are joined to the flat portion of tiie otiier wall 
to form reinforcing walls 29. and the openings of the cut- 
outs in tiie ridges 29a are closed with the flat portion to 
form communication holes 30 for causing parallel refrig- 
erant passages 4 to commundate witii one anottier 
therethrough. 

FIQ. 13 shows this embodiment, i.e., a refrigerant 
tU>e T4 for use in heat exchangers. The tube is formed 
by a flat aluminum tube 5. The tube 5 is formed from two 
upper and lower aluminum sheets 35, 36 by bending 
opposite side edges of the sheets to an arcuate form 
toward each other so as to form a hollow portion, butting 
the sheets against each other edge-to edge and joining 
the butted edges together. Except for this feature, the 
present embodiment is the same as Embodiment 1. 

The refrigerant tube T4 is produced by the following 
method. 

As indicated in broken lines in FIG. 13. two alumi- 
num sheets 35, 36 are prepared in the same manner as 
is the case with Embodiment 1 . Each of the sheets 35, 
36 has arcuate portions at its opposite side edges. , a 
comblike portion positioned between the arcuate por- 
tions and having ridges 3a (3b) resembling comb teeth 
in cross section, and cutouts 6a (6b) formed in the ridge 
3a (3b). The two sheets are joined together by brazing 
witii the ridges 3a. 3b facing inward, whereby the refrig- 
erant tube T4 is obtained. 

Embodiment 5 

FIG. 14 shows this embodiment, i.e.. a refrigerant 
tube T5 for use in heat exchangers. The tube T5 is 
formed by a flat aluminum tube 5 having parallel refrig- 
erant passages 4 in its interior and comprising flat upper 
and lower walls 1 , 2 and a plurality of reinforcing walls 
39 connected between the upper and lower walls 1 . 2. 
extending longitudinally of the tube and spaced apart 
from one another by a predetermined distance. The 



reinforcing walls 39 are each formed with a plurality of 
oomnrunication holes 40 for causing the paralld refrig- 
erant passages 4 to communicate with one another 
therethrough. 

5 The flat aluminum tube 5 is prepared from upper 
and lower two aluminum sheets 37, 38 each in the form 
of a brazing sheet having a filler metal layer on each 
side. t>y berxiing tiie lower sheet 38 at its opposite side 
edges to an arcuate form, txitting the bent edges 
against the respective edges of the upper sheet aixl 
joining the two sheets togetiier at tiie txjtted edges so 
as to form a hollow portion therebetween. 

The reinforcing walls 39 are formed by ridges 39a 
projecting inward from the lower wall 2 arxj joined to a 

}5 flat inner surface of the upper wall 1 . The communica- 
tion holes 40 are formed by cutouts provided in the edge 
of each ridge 39a at a predetermined spacing and hav- 
ing its openings dosed by the upper wall 1 . 

The flat aluminum tuk>e 5 is 1 .70 mm in height 2.45 

20 mm in the pitch of reinfbrdng walls 3, 1.0 mm in the 
height of reinfordng walls 3. 0.40 mm in the thickness of 
reinforcing walls 3, 0.6 mm^ in the cross sectional area 
of communication holes 6, 40 mm in the pitch of holes 6, 
18 mm in width and 0.35 mm in the thickness of the 

2s upper and lower walls 1,2. 

With the exception of tiie above features, the 
present emk>odiment is the same as Embodiment 1 . 

The refrigerant tut>e T5 is produced by the following 
method. 

30 First, an aluminum sheet blank in the form of a braz- 
ing sheet having a thickness greater than the wall thick- 
ness of the refrigerant tube to be produced, i.e., a 
thickness of 1 .2 mm, is rolled by a pair of upper and 
lower rollers, the upper roll having parallel annular 

35 grooves to reduce the tiiickness of the blank to the 
specified tube wall thidoiess witii the peripheral sur- 
faces of the rolling rolls and thereby form a flat lower 
wall 2. At the ssame time, tiie rolling operation forms 
with the annular grooves ridges projecting from the flat 

AO portion integrally therewith, and also raised portions 49 
at the respective side edges of the blank as indicated in 
broken lines in FIG. 14. the portions 49 being higher 
tiian tiie ridges. 

Next, cutouts are formed in the upper edges of the 

45 ridges in the same manner as in Embodiment 1 . 

Rnally, anotiier flat aluminum sheet 37 having the 
same thickness as the lower wall 2 is placed over all the 
ridges 39a for use as an upper wall 1 . the raised por- 
tions 49 are bent inward and the edges thereof are 

50 joined to the respective side edges of the upper wall 1 . 
whereby a flat aluminum tube 5 is formed. At the same 
time, tiie rklges 39a of the lower wall 2 are joined to the 
upper wall 1 to form reinforcing walls 39. with the open- 
ings of the cutouts in the ridges 39a closed with the 

55 upper wall 1 to form communication holes 40 for caus- 
ing parallel refrigerant passages 4 to communicate with 
one another therethrough. 
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FIG. 15 shows this embodimem. i.a, a refrigerant 
tube T6 for use in heat e)^angers. This embodiment is 
the same as Embodiment 5 except that the embodiment 
has vertical side walls 50 which have a larger thickness 
than the upper and lower walls 1.2. 

The refrigerant tube T6 is produced by the same 
method as Emtxxiiment 5 except the following. With this 
embodiment, raised portions 50a are formed at oppo- 
site side edges of a lower aluminum sheet 38 with a 
larger thickness than the other portion. Each raised por- 
tion 50a has an upper part including a step 51 at the 
same level as the uupper edges of the ridges 39a. and 
a projection 53 integral with the step and having a slant- 
ing face 52 extending outwardly upward from the step, 
the step 51 and the projection 53 extending longitudi- 
nally of the sheet 38. A flat upper wall 1 is placed at its 
opposite side edges on the respective steps 51 , the pro- 
jections 53 are crimped inward, and the slanting faces 
52 are placed ov^ arKi joined to slanting faces at the 
respective side edges of the upper wall 1 . 

Claims 

1 . A refrigerant tube for use in heat exchangers com- 
prising a flat aluminum tube having parallel refriger- 
ant passages in its interior and comprising fiat 
upper and lower walls and a plurality of reinforcing 
walls connected between the upper arKi lower 
walls, the reinforcing walls extending longitudinally 
of the tube and being spaced apart from one 
another by a predetermined distance, the flat alumi- 
num tube being formed by an aluminum sheet, 
each of the reinforcing walls comprising a ridge pro- 
jecting from the aluntinum sheet integrally there- 
with. 

2. A refrigerant tube as defined in claim 1 wherein 
each of the reinforcing walls is formed with a plural- 
ity of communication holes for causing the parallel 
refrigerant passages to communicate with one 
another therethrough. 

3. A refrigerant tube as defined in claim 1 or 2 wherein 
the flat aluminum tube is prepared from the alumi- 
num sheet by folding the sheet at the middle of its 
width so as to form a hollow portion, bending at 
least one of opposite side edges of the sheet, butt- 
ing the bent side edge against the other side edge 
and joining the side edges together. 

4. A refrigerant tube as defined in claim 1 or 2 wherein 
the flat aluminum tube is prepared from upper and 
lower two aluminum sheets by bending opposite 
side edges of at least one of the two aluminum 
sheets and joining the bent side edges to side 
edges of the other €Uuminum sheet so as to form a 



5. A refrigerant tube as defined in claim 2 wherein 
each of the reinforcing walls is formed by a down- 

5 ward rkige projecting inward from the upper wall 
integrally therewith and €in upward ridge projecting 
inward from the lower wall integrally therewith and 
joined to the downward ridge, and the communica- 
tion holes are formed by combination of opposed 

10 pairs of cutouts formed in the lower edge of the 
downward ridge and upper edge of the upward 
ridge and arranged at a predetermined spacing. 

6. A refrigerant tube as defined in daim 2 wherein the 
15 reinforcing walls include those formed by downward 

ridges projecting inward from the upper wall inte- 
grally tiierewith and joined to a flat inner surface of 
the lower wall, and those formed t>y upward ridges 
projecting inward from the lower wall integrally 

20 therewith and joined to a flat inner surface of the 
upper wall, the two kinds of reinforcing walls t>eing 
arranged alternately, and the commurdcation holes 
. are formed by cutouts formed in the lower edges of 
the downward ridges and the upper edges of the 

25 upward rklges at a predetermined spacing and hav- 
ing their openings closed by one of the upper and 
lower walls. 
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7. A refrigerant tube as defined in claim 2 wherein 
each of the reinforcing walls is formed by a ridge 
projecting inward from one of tiie upper and lower 
walls integrally therewith and joined to a flat inner 
surface of ttie other wall, and the communication 
holes are formed by cutouts formed in the edge of 
the ridge at a predetermined spacing and having 
their openings closed by one of the upper and lower 
walls. 

8. A refrigerant tube as defined in any one of claims 1 . 
3 and 4 wherein the aluminum sheet conrprises a 
brazing sheet having a filler metal layer on each of 
its opposite sides. 

9. A refrigerant tUbe as defined in any one of claims 2, 
5. 6 and 7 wherein the communication holes formed 
in the plurality of reinfordng walls are in a staggered 
arrangement when seen from above. 
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